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(54) Method for producing DNA chip 

(57) Disclosed is a method comprising a pretreat- 
ment step of forming a poly-L-lysine layer (12) on a sur- 
face of a base plate, a sample preparation step of pre- 
paring a sample containing a DNA fragment, a dilution 
step of diluting the concentration of the obtained sample, 
and a supply step of supplying a diluted sample solution 
onto the base plate (10) to produce a DNA chip (20). 
When said sample solution is supplied the humidity 



around a portion to which said sample solution is dis- 
charged and supplied is controlled. The sample prepa- 
ration step includes an amplification step of PCR-ampli- 
fyingthe DNAfragmentto prepare a PCR product, a pow- 
der formation step of drying the obtained PCR product 
to form DNA powder, and a mixing step of dissolving the 
obtained DNA powder in a buffer solution. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a method for 
producing a DNA chip (DNA microarray) in which several 
thousands to not less than ten thousands kinds of differ- 
ent types of DNA fragments are aligned and fixed as 
spots at a high density on a base plate such as a micro- 
scopic slide glass. 

Description of the Related Art: 

[0002] The method for analyzing the genetic structure 
has been remarkably progressed in recentyears. A large 
number of genetic structures represented by those of hu- 
man gene have been clarified. The analysis of the genetic 
structure as described above uses a DNA chip (DNA 
microarray) in which several thousands to not less than 
ten thousands kinds of different types of DNA fragments 
are aligned and fixed as spots on a base plate such as 
a microscopic slide glass. 

[0003] Those widely used as a method for forming the 
spots during the production of the DNA chip are based 
on a system such as the QUILL system, the pin & ring 
system, and the spring pin system in which a sample 
solution containing DNAfragments issupplied (stamped) 
onto the base plate by using a so-called pin. Even when 
any one of the foregoing methods is adopted, it is nec- 
essary to suppress the dispersion of the volume and the 
shape of each of the spots to be low so that the distance 
between the respective spots is maintained to be con- 
stant. 

[0004] On the other hand, in order to realize a higher 
density, it is also greatly expected to develop a new meth- 
od in which the shape control performance is satisfactory 
for the spot, and the productivity is excellent. 
[0005] As shown in FIG. 1 6, when a spot is formed by 
dripping a sample solution onto a base plate 200, the 
spot is hemispherical in accordance with the surface ten- 
sion. In this procedure, a substantial amount of the sam- 
ple immobilized on the base plate 200 resides in a slight 
portion 204 contacting with the base plate 200. The 
amount is merely a part of the whole (spherical matter). 
The remaining portion 206 is not immobilized, and hence 
it is washed away during the washing step performed 
thereafter. As a result, a problem arises that a large 
amount of the sample solution is lost, and the efficiency 
of the use of the sample solution is low. 
[0006] The cost for the production of the DNA chip is 
substantially determined by the amount of the sample 
solution. In the case of the procedure described above, 
almost all of the sample solution is washed away, and 
the procedure is disadvantageous in view of the produc- 
tion efficiency. 

[0007] Several thousands to not less than ten thou- 



sands kinds of different types of sample solutions are 
dripped onto one base plate. However, the viscosity and 
the surface tension differ for each of the different types 
of the sample solutions. Therefore, in order to obtain an 
5 identical spot diameter, it is necessary to change the drip- 
ping amount of the sample solution depending on, for 
example, the viscosity and the surface tension. 
[0008] However, in the case of the conventional tech- 
nique, the sample solution adhered to a pin is allowed to 
physically make contact with the base plate together with 
the pin so that the sample solution is dripped. Therefore, 
the spot is formed on the base plate by means of one 
time of tripping. As a result, the following problem arises. 
That is, it is impossible to perform any delicate control of 
the dripping (control of the dripping amount and the drip- 
ping position), and any dispersion occurs in the spot di- 
ameter formed on the base plate. 
[0009] In order to more reliably immobilize the DNA 
fragment in the sample solution onto the base plate, a 
method has been also developed, in which an organic or 
inorganic polymer is mixed i n the sample solution to phys- 
ically hold the DNA fragment in the polymer cross-link. 
However, in the case of this procedure, the following 
problem arises. That is, the viscosity of the sample so- 
lution is increased, and the sample solution tends to be 
dried, thickened, and solidified. The pot life of the sample 
upon the formation of the spot is shortened, and the 
amount of dripping at one time is increased. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made taking 
the foregoing problems into consideration, an object of 
which is to provide a method for producing a DNA chip, 
which makes it possible to improve the efficiency of the 
use of an expensive sample solution, improve the pro- 
ductivity of the DNA chip, and improve the yield. 
[001 1 ] Another object of the present invention is to pro- 
vide a method for producing a DNA chip, which makes 
it possible to control the supply depending on the type of 
a sample solution supplied onto a base plate, realize a 
uniform spot diameter formed on the base plate, and im- 
prove the reliability and the quality of the DNA chip. 
[001 2] According to the present invention, there is pro- 
vided a method for producing DNA chip including a large 
number of spots of sample solutions arranged on a base 
plate, the method comprising the step of supplying the 
sample solutions onto the base plate; wherein the sample 
solution is supplied a plurality of times to form one of the 
spots. 

[0013] Accordingly, it is possible to improve the yield 
of the DNA chip. In this process, it is preferable that the 
sample solution is supplied by an ink-jet system. 
[0014] When the ink-jet system is used, a large number 
of liquid droplets in a required amount can be supplied 
onto the base plate at a high speed (to 100 kHz) in a 
mannerto make no contact with the base plate. The sup- 
ply source is continuously supplied via a pouring port and 
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a cavity connected to a discharge port for discharging 
the liquid droplets. Therefore, unlike the conventional pin 
system, it is unnecessary to move the pin to a supply 
source (sample well) for the sample solution to immerse 
the pin tip in the sample solution every time the spot is 
formed. Thus, it is possible to form the spots on a large 
number of base plates for a short period of time. 
And, it is possible to uniform the amount of sample so- 
lution of the spot because ink-jet system can control very 
small amount of sample solution corresponding to one 
spot. 

[0015] It is preferable that the sample solution is ob- 
tained by diluting a sample containing a DNA fragment 
to give a predetermined concentration. In this process, 
it is preferable that the sample solution is obtained by 
diluting the sample containing the DNA fragment with 
water or an aqueous solution containing sodium chloride 
or an aqueous solution containing a polymer. It is pref- 
erable that the sample solution is diluted to give a con- 
centration of such a degree that final desired base pairs 
per one spot are satisfied, by performing the supply a 
plurality of times to form one of the spots. 
[0016] The following advantage is obtained by diluting 
the concentration of the sample. That is, it is possible to 
relatively decrease the amount of the expensive DNA 
fragment in the sample solution adhered or remained in 
the supply flow passage path at the stage at which the 
supply of the sample solution onto the base plate comes 
to an end. The following effect is also obtained. That is, 
it is possible to avoid the occurrence of any defect which 
would be otherwise causedsuchthatthe solution is dried, 
thickened, and solidified due to the concentrated sample 
solution, and the discharge port is clogged to cause de- 
fective discharge. A greater advantage is obtained that 
when the sample solution is supplied onto the base plate, 
then the sample solution becomes not hemispherical but 
flat. In this case, almostall of thesample solution supplied 
to the base plate is immobilized on the base plate. There- 
fore, most of the sample solution is not washed away 
during the washing step to be performed thereafter. Thus, 
it is possible to improve the efficiency of the use of the 
sample solution. 

[0017] Further, it is possible to realize a uniform spot 
diameter of the sample solution formed on the base plate, 
by changing the degree of the dilution depending on the 
type of the DNA fragment contained in the sample solu- 
tion so that the viscosity and the surface tension of the 
sample solution are varied. 

[001 8] Further, it is preferable that the sample solution 
is diluted with the aqueous solution containing the poly- 
mer. Accordingly, the shape-retaining performance is in- 
creased for the spot shape after being supplied onto the 
base plate. The shape is stabilized, and it is possible to 
avoid any change of the shape which would be otherwise 
caused by drying and contraction of the spot. 
[0019] As described above, according to the present 
invention, it is possible to improve the efficiency of the 
use of the sample solution of the expensive cost, and it 



is possible to improve the productivity of the DNA chip 
and improve the yield. The dripping control (amount that 
is times of supply, concentration, etc.) can be performed 
depending on the type of the sample solution to be 

5 dripped. It is possible to realize the uniform spot diameter 
formed on the base plate. It is possible to improve the 
reliability and the quality of the DNA chip. 
[0020] In the production method described above, the 
sample is prepared by carrying out the steps of PCR- 

10 amplifying the DNA fragment to prepare a PCR product; 
drying the PCR product to obtain DNA powder; and dis- 
solving the DNA powder in a buffer solution. The sample 
as described above undergoes no change in quality, and 
it is well dispersed in the aqueous solution, when the 

15 sample is diluted. The sample is suitable for the dilution, 
and the concentration can be correctly managed upon 
the dilution. 

[0021 ] I n the production method described above, it is 
also preferable that a dispenser is used when the sample 
20 solution is supplied onto the base plate, the dispenser 
comprising a plurality of arranged micropipettes each in- 
cluding a pouring port for pouring the sample solution 
from the outside, a cavity for pouring and charging the 
sample solution thereinto, and a discharge port for dis- 
25 charging the sample solution, formed on at least one or 
more substrates, the micropipette further including a pi- 
ezoelectric/electrostrictive element disposed on at least 
one wall surface of the substrate which forms the cavity 
so that the sample solution is movable in the cavity, and 
30 mutually different types of the sample solutions being 
discharged from the discharge ports of the respective 
micropipettes. 

[0022] Every time the piezoelectric/electrostrictive el- 
ement is driven, then a minute amount of the liquid is 
35 discharged from the discharge port, and the volume 
thereof is minute and constant without involving disper- 
sion. The driving frequency can be high by using the pi- 
ezoelectric/electrostrictive element. The time requiredfor 
the discharge is shortened as well. The sample solution 
40 is moved in the closed space from the pouring of the 
sample solution to the discharge. Therefore, the sample 
solutionis not dried during any intermediate process. Fur- 
ther, the entire substrate can be formed to be small and 
compact. Therefore, it is possible to shorten the flow pas- 
45 sage through which the sample solution is moved. Ac- 
cordingly, it is possible to suppress the problem of adhe- 
sion of the sample solution to the flow passage wall to 
be minimum, and it is possible to avoid the deterioration 
of the efficiency of the use of the sample solution. 
50 [0023] It is also preferable that a dispenser is used 
when the sample solution is supplied onto the base plate, 
the dispenser comprising a plurality of arranged micro- 
pipettes each including a pouring port for pouring the 
sample solution from the outside, a cavity for pouring and 
55 charging the sample solution thereinto, and a discharge 
port for discharging the sample solution, formed on at 
least one or more substrates, so that the sample solution 
is movable in the cavity, and the sample solution of an 
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identical type is discharged from at least two or more of 
the discharge ports to form one spot. 
[0024] When the sample solution of the identical type 
is discharge from two or more of the discharge ports to 
form one spot, then it is possible to more quicken the 
speed for forming the spot, and it is possible to improve 
the throughput. 

[0025] In general, whenthesample solution issupplied 
a plurality of times, the spot diameter is increased every 
time the supply is performed. However, the number of 
times of supply can be increased without increasing the 
spot diameter by delaying (increasing) the supply inter- 
val, or applying a treatment so that the sample solution 
supplied onto the base plate is quickly dried, thickened, 
and solidified as described later on. 
[0026] When the supply interval is increased, then the 
sample solution, which is disposed at the portion of the 
discharge port openedtowardthe discharge side, is dried 
to some extent before the discharge, and the sample 
solution is discharged in a state in which the viscosity is 
increased, i.e., in a so-called semidried state. Therefore, 
the spot diameter is not increased even when the supply 
is repeated. However, in this method, the time required 
to form the spot is consequently increased, which is not 
preferred. In such a case, there are a lot of limitations to 
periodically manage the so-called semidried state, and 
the nozzle of defective discharge is apt to appear. 
[0027] Accordingly, when the sample solution of the 
identical type is discharged from the two or more dis- 
charge ports to form one spot, two or more discharge 
ports, at which the sample solution is progressively dried 
at the portion of the discharge port opened toward the 
discharge side, exist during the period in which the dis- 
charge portis movedtothe discharge position, i.e., during 
the waiting period until the discharge is started. The iden- 
tical sample solution can be supplied by using the dis- 
charge ports as described above. As a result, it is possible 
to shorten the time required to form the spot. 
[0028] If the nozzle of defective discharge appears by 
any chance, it is possible to prevent the loss of the ex- 
pensive sample solution beforehand, by discharging with 
the indefective nozzle. Further, it is preferable to use a 
structure in which one pouring port communicates with 
the cavity connected with at least two or more of the dis- 
charge ports for discharging the sample solution of the 
identical type, because it ispossibleto reduce the number 
of times of the pouring operations for the sample solution. 
[0029] It is also preferable that the sample solution of 
the identical type is discharged at the substantially simul- 
taneous timing from at least two or more of the discharge 
ports, in the case of using the non-contact ink-jet system. 
In this case, it is also preferable that the falling points are 
allowed to coincide with each other for the sample solu- 
tion to be discharged. By doing so, it is possible to im- 
prove the speed for forming the spot. 
[0030] However, in order to obtain a higher accuracy 
for the position accuracy of the sample solution to be 
supplied onto the base plate, it is preferable to use a 



method in which the sample is supplied at deviated dis- 
charge timings when each of the discharge ports is lo- 
cated just over the spot formation position. 
[0031 ] It is preferable thatthe plurality of micropipettes, 
5 each of which is constructed such that the sample solu- 
tion is moved in the cavity in a laminarflow, are arranged. 
When the sample solution is moved in the form of laminar 
flow, it is possible to avoid the occurrence of bubble or 
the like, and it is possibleto avoidthe defective discharge. 
Thus, the durability of the micropipette is increased. 
[0032] It is preferable when the dispenser is used; then 
mutually different types of the sample solutions are 
poured into the plurality of cavities from the pouring ports 
corresponding to the discharge ports for discharging the 
mutually different types of the sample solutions, and then 
the different types of the sample solutions in the plurality 
of cavities are discharged from the discharge ports by 
driving the piezoelectric/elect restrictive elements. Ac- 
cording to the arrangement as described above, the plu- 
rality of different types of the sample solutions can be 
supplied onto the base plate at the same timing without 
causing any cross-contamination. 
[0033] It is also preferable that when the dispenser is 
used; a substitution solution is previously charged into 
the plurality of cavities, different types of the sample so- 
lutions are subsequently poured from the pouring ports 
while effecting substitution in the plurality of cavities, and 
then the piezoelectric/electrostrictive elements are driv- 
en so that the different types of the sample solutions in 
the plurality of cavities are discharged from the discharge 
ports. The occurrence of the defective discharge can be 
completely avoided, and the expensive sample can be 
efficiently discharged by previously charging the interior 
of the cavity with the inexpensive substitution solution, 
and then effecting the substitution with the expensive 
sample. 

[0034] The substitution from the substitution solution 
to the sample solution in the cavity may be performed by 
aspirating and discharging the substitution solution from 
the discharge port, for example, by means of the vacuum 
suction. However, it is preferable thatthe different types 
of the sample solutions are poured from the pouring ports 
while effecting the substitution in the plurality of cavities, 
while discharging the substitution solution by driving the 
piezoelectric/electrostrictive elements. By doing so, the 
amount of the substitution solution to be discharged can 
be accurately controlled, without involving any loss of the 
discharge of the expensive sample solution. 
[0035] The end point of the completion of the substi- 
tution may be controlled, for example, by the substitution 
time and the discharge amou nt by previously determining 
thevolume andthe movementspeed of thesample. How- 
ever, it is more preferable that the end point of the com- 
pletion of the substitution is recognized by sensing the 
change of the fluid characteristic in the concerning cavity, 
because the end point can be detected more accurately. 
[0036] In the present invention, the completion of the 
substitution is recognized by sensing the change of the 
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fluid characteristic in the cavity. Therefore, even when 
the sample solution and the substitution solution are 
mixed with each otherto some extent in the flowpassage, 
the mixed portion can be easily distinguished from the 
unmixed portion to make accurate judgement. As a re- 
sult, it is possible to decrease the amount of the sample 
solution which should be purged because of being mixed 
with the substitution solution. Thus, it is possible to in- 
crease the efficiency of the use of the sample solution. 
[0037] The change of the fluid characteristic in the cav- 
ity may be recognized by applying a voltage to the pie- 
zoelectric/el ectrostrictive element to excite vibration, and 
detecting the change of the electric constant caused by 
the vibration. Accordingly, it is unnecessary to install, for 
example, any special detecting element. The detection 
can be performed inexpensively and accurately. 
[0038] It is preferable that the substitution solution is 
previously subjected to a degassing treatment. By doing 
so, the substitution solution can be smoothly charged 
into the cavity without generating any bubble or the like 
and without causing any bubble clogging during the proc- 
ess. Accordingly, the substitution into the sample solution 
is reliably performed, and the discharge is stabilized. Fur- 
ther, it is also preferable that the substitution solution is 
poured and charged into the cavities, an intermediate 
solution containing no DNA fragment, which has approx- 
imately the same specific gravity as that of the sample 
solution, is subsequently poured from the pouring ports 
to effect substitution in the cavities, the different types of 
the sample solutions are subsequently poured from the 
pouring ports into the cavities, and thus the sample so- 
lution are charged. The inexpensive intermediate solu- 
tion containing no DNA fragment, which has approxi- 
mately the same specific gravity as that of the sample 
solution, is allowed to intervene between the substitution 
solution and the sample solution. Accordingly, it is pos- 
sible to avoid an inconvenience which would be other- 
wise caused such that the expensive sample solution is 
mixed with the substitution solution having the different 
specific gravity, and consequently the purge amount is 
inevitably increased. 

[0039] In the present invention, the plurality of micro- 
pipettes are used. Therefore, many kinds of samples can 
be simultaneously supplied at once. Further, any pipette, 
in which any partial defect occurs, can be exchanged 
with ease. Therefore, it is easy to perform the mainte- 
nance. Further, the discharge ports are aligned and ar- 
ranged two-dimensionally. Therefore, for example, this 
arrangement is optimum when the spots are aligned and 
fixed two-dimensionally on the base plate. 
[0040] In the present invention, it is preferable that 
when the sample solution is supplied onto the base plate, 
the sample solution is supplied while drying, thickening, 
or solidifying at least the sample solution. Accordingly, 
the fixation of the sample solution supplied onto the base 
plate is quickened. It is possible to effectively avoid any 
weakening (phenomenon in which the spot diameter is 
expanded) associated with the dilution of the sample so- 



lution. 

[0041] It is exemplified that the treatment of drying, 
thickening, or solidifying the sample solution is, for ex- 
ample, to heat the base plate, and to heat the discharged 

5 or supplied sample solution. It is preferable to use, for 
example, a laser beam, an infrared ray, and an electro- 
magnetic wave, as a heating method. 
[0042] The methods as described above especially 
make it possible to selectively heat a minute region. As 

10 in the present invention, it is necessary that the spot of 
the discharged sample solution is quickly heated, while 
it is necessary to avoid the occurrence of the defective 
discharge due to the drying or the like caused by the 
heating at the discharge port disposed just closely to the 

15 spot. In such a situation, it is preferable to use the treat- 
ment of drying, thickening, or solidifying the sample so- 
lution as described above. Especially, the electromag- 
netic wave can be reliably cut off by means of a metal 
shield. Therefore, the electromagnetic wave is preferred 

20 in order to avoid any unnecessary heating of the dis- 
charge port. When the laser beam or the infrared ray is 
used, the laser beam or the infrared ray is radiated onto 
the base plate to indirectly heat the sample solution. 
[0043] In the present invention, it is also preferable that 

25 a treatment of drying, thickening, or solidifying the drip- 
ping sample solution is to cool the base plate or the dis- 
charged or supplied sample solution. The cooling proce- 
dure is preferably adopted when DNA in the sample so- 
lution is damaged by the heating or when any component 

30 in the sample solution is softened by the heating. 

[0044] In the present invention, it is also preferable that 
when the sample solution is supplied onto the base plate, 
the sample solution is supplied while deviating a supply 
position, or the sample solution is supplied while chang- 
es ing a supply amount. That is, for example, the sample 
solution is supplied to mutually different positions two 
times to one hundred times to form one spot diameter 
depending on the type of the sample solution. In this pro- 
cedure, the number of supply operations can be changed 

40 depending on the type of the sample solution, and the 
supply position can be determined. Therefore, all of the 
spot diameters can be formed to be uniform, irrelevant 
to the type of the sample solution. Thus, it is possible to 
improve the DNA chip and improve the reliability. 

45 [0045] The formation of one spot while deviating the 
supply position cannot be performed by using the con- 
ventional pin system spotting. The technique as de- 
scribed above can be firstly realized in accordance with 
the ink-jet system in which the supply amount per one 

50 droplet is about 1/1 00 to 1/10 as compared with the pin 
system. When the technique is combined with the treat- 
ment of drying, thickening, or solidifying the sample so- 
lution, it is possible to realize a spot shape otherthan the 
conventional circular shpt shape. An advantage is ob- 

55 tained such that it is possible to widen the range capable 
of effecting the matching with a DNA chip reader (for 
example, a CCD image pickup device). 
[0046] Further, the formation of one spot while deviat- 



5 



9 



EP 1 666 149 A2 



10 



ing the supply position with minute droplets also makes 
it possible to control the shape of the spot in the height 
direction by adjusting the stacking position thereof. An 
advantage is obtained such that the fluorescence inten- 
sity pattern emitted from the spot can be freely designed 
in the spot. 

[0047] The supply amount can be changed by chang- 
ingthe number of supply operations, as well as by chang- 
ing the discharge condition, i.e., the voltage pattern ap- 
plied to the piezoelectric/electrostrictive element in the 
case of the ink-jet system. 

[0048] In the present invention, it is preferable that vi- 
bration is applied to the sample solution during the supply 
or prior to the supply of the sample solution onto the base 
plate. 

[0049] In this procedure, it is possible to avoid any pre- 
cipitation of the DNA fragment contained in the sample 
solution. It is possibleto uniformly dispersethe DNAfrag- 
ment in the sample solution. Accordingly, it is possible 
to almost exclude the dispersion of the content of the 
DNAfragmentforthe same types of the sample solutions 
to be formed on the respective base plates. It is possible 
to exclude the dispersion in the genetic analysis for every 
base plate. 

[0050] According to another aspect of the present in- 
vention, there is provided a method for producing a DNA 
chip including a large number of spots of sample solutions 
arranged on a base plate, the method comprising the 
step of supplyingthesample solutions onto the base plate 
in accordance with an ink-jet system; wherein when the 
sample solution is supplied onto the base plate, a humid- 
ity around a portion to which the sample solution is dis- 
charged and supplied is selectively increased as com- 
pared with those around the other portions so that the 
sample solution is not dried, thickened, or solidified. Ac- 
cordingly, especially when the sample solution, which 
tends to be dried, thickened, or solidified, is used, it is 
possible to avoid any defective discharge. 
[0051] In the present invention, it is also preferable to 
adopt the steps of cooling the base plate to be not more 
than 0 °C after preparing the base plate on which the 
large number of spots are arranged by supplying the sam- 
ple solutions onto the base plate, and then returning the 
base plate in an atmosphere at room temperature in 
which a sufficient volume of gas exists at a humidity of 
not less than 30 %. 

[0052] It is also preferable that the base plate is ex- 
posed in an atmosphere in which a sufficient volume of 
gas exists at a humidity of not less than 80 %, or to water 
vapor containing mist, after preparing the base plate on 
which the large number of spots are arranged by supply- 
ing the sample solutions onto the base plate. 
[0053] The inventions described above are preferably 
adopted when the sample solution, in which a polymer 
or the like is mixed to increase the viscosity, is used, the 
dripping method for the sample solution is adjusted, and 
the shape of the spot on the base plate exhibits, for ex- 
ample, a so-called doughnut-shaped configuration in 



which the circumferential edge portion is bulged, and the 
central portion is recessed. 

[0054] In the case of the doughnut-shaped configura- 
tion as described above, circumferential edge portion of 

5 the spot is conspicuous, and it is easily observed. When 
the spot of the colorless and transparent liquid such as 
the sample solution containing the DNA fragment is 
formed, for example, on the colorless and transparent 
glass base plate, the following advantage is obtained. 

10 That is, it is easy to observe the shape of the spot, and 
it is easy to inspect whether the shape of the spot is fine 
or defective. 

[0055] However, in the case of the spot having the 
doughnut-shaped configuration as described above, the 
15 substantial immobilized sample is plentiful (thick) at the 
circumferential edge portion, even when most of the 
bulged portion at the circumferential edge is washed 
away in the washing step during the immobilization to be 
performed thereafter. Therefore, in the case of the use 
20 as the DNA chip, the distribution of fluorescence emis- 
sion amount emitted from the spot exhibits a doughnut- 
shaped configuration in the spot, consequently causing 
a factor to bring aboutthe dispersion and the deterioration 
of the sensitivity. 
25 [0056] Therefore, in order to realize both of the easy 
inspection (doughnut-shaped configuration) and the 
good shape of the spot (non-doughnut-shaped configu- 
ration), the following method is appropriate. That is, when 
the sample solution is supplied onto the base plate, the 
30 discharge is performed in accordance with the ink-jet sys- 
tem or the like to drip the sample solution onto the base 
plate so that the sample solution is concentrated at the 
circumferential edge portion of the spot by controlling the 
kinetic energy and the hydrophobic property with respect 
35 to the base plate to form the doughnut-shaped configu- 
ration. Before that, the viscosity of the sample solution 
is previously increased to such an extent that the spot is 
not spherical against the surface tension of the liquid. 
And the fluidity of the sample solution to form the spot is 
40 increased after completion of the inspection so that the 
doughnut-shaped configuration is changed to the non- 
doughnut-shaped configuration by the aid of the surface 
tension. The present invention is preferred in order to 
realize the method described above. 
45 [0057] That is, the base plate, on which the spot having 
the doughnut-shaped configuration is formed, is cooled 
to be not more than 0 °C, and then the base plate is 
returned in the atmosphere at room temperature in which 
the sufficient volume of gas exists at the humidity of not 
50 less than 30 %. Alternatively, the base plate is exposed 
in the atmosphere in which the sufficient volume of gas 
exists at the humidity of not less than 80 %, or to the 
water vapor containing the mist. By doing so, the water 
is incorporated into the sample solution from the sur- 
55 rounding gas, or the mist makes contact to increase the 
fluidity of the sample solution. Accordingly, the shape of 
the spot is changed to a hemispherical configuration 
which is the non-doughnut-shaped configuration. Thus, 
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it is possible to improve the sensitivity of the DNA chip 
and reduce the dispersion of the sensitivity. Of course, 
after the shape of the spot is hemispherical, the base 
plate may be immediately introduced into the drying step 
to fix the shape. It is a matter of course that when the 
base plate is exposed to the water vapor, it is necessary 
that the temperature of the water vapor is not more than 
a temperature of such an extent that the DNA fragment 
is not denatured. 

[0058] The above and other objects, features, and ad- 
vantages of the present invention will become more ap- 
parent from the following description when taken in con- 
junction with the accompanying drawings in which a pre- 
ferred embodiment of the present invention is shown by 
way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 



sample solution or the base plate; 
FIG. 13 illustrates an example of a method for heat- 
ing the base plate; 

FIG. 14 illustrates a second method adopted when 
5 the DNA chip is produced by using the dispenser; 

FIG. 15 shows a sectional view illustrating an exam- 
ple of a spot having a doughnut-shaped configura- 
tion; and 

FIG. 16 shows a sectional view illustrating a shape 
10 of a spot formed on a base plate in accordance with 
a method for producing a DNA chip concerning the 
illustrative conventional technique. 

DESCRIPTION OFTHE PREFERRED EMBODIMENTS 

[0060] Several exemplary embodiments of the method 
for producing the DNA chip according to the present in- 
vention will be explained below with reference to FIGS. 
1 to 1 5. 

[0061] As shown in FIG. 1, a method for producing a 
DNA chip according to an embodiment of the present 
invention comprises a pretreatment step S1 for forming 
a poly-L-lysine layer 12 on a surface of a base plate 10 
(see FIG. 1 0A), a sample preparation step S2 for prepar- 
ing a sample containing a DNA fragment, a dilution step 
S3 for diluting the concentration of the obtained sample, 
a supply step S4 for supplying (including dripping) a di- 
luted sample solution onto the base plate 1 0 to prepare 
the spotted base plate including a large number of spots 
80 arranged on the base plate 10 as shown in FIG. 3, a 
drying step S5 for applying heat to the base plate 10 to 
dry the spots 80, and an immobilization step S6 for im- 
mobilizingthe DNAfragments in the spots 80 on the base 
plate 1 0 to produce the DNA chip 20 shown in FIG. 3. 
[0062] As shown in FIG. 2, the sample preparation step 
S2 includes an amplification step S1 1 for PCR-amplifying 
the DNA fragment to prepare a PCR product, a powder 
formation step S12 for drying the obtained PCR product 
to form DNA powder, and a mixing step S1 3 for dissolving 
the obtained DNA powder in a buffer solution. 
[0063] The steps will be specifically explained below. 
In the pretreatment step S1 , at first, the base plate 1 0 is 
immersed in an alkalinesolution, followed by being gently 
shaken for at least 2 hours at room temperature. The 
alkaline solution is one obtained, for example, by dissolv- 
ing NaOH in distilled water and adding ethanol thereto, 
followed by being agitated until the solution is completely 
transparent. 

[0064] After that, the base plate 1 0 is taken out, and it 
is transferred into distilled water, followed by being rinsed 
to remove the alkaline solution. Subsequently, the base 
plate 1 0 is immersed in a poly-L-lysine solution prepared 
by adding poly-L-lysine to distilled water, followed by be- 
ing left to stand for 1 hour. 

[0065] After that, the base plate 1 0 is taken out, and it 
is applied to a centrifugal machine to perform centrif uga- 
tion so that any excessive poly-L-lysine solution is re- 
moved. Subsequently, the base plate 10 is dried at 40 



[0059] 

20 

FIG. 1 shows a block diagram illustrating the steps 
of a method for producing a DNA chip according to 
an embodiment of the present invention; 
FIG. 2 shows block diagram illustrating details of the 
step of sample preparation; 25 
FIG. 3 shows a perspective view illustrating the DNA 
chip to be produced; 

FIG. 4A shows a plan view illustrating an arrange- 
ment of a dispenser to be used for the method for 
producing the DNA chip according to the embodi- 30 
ment of the present invention; 
FIG. 4B shows a front view thereof; 
FIG. 4C shows a magnified plan view illustrating one 
micropipette for constructing the dispenser; 
FIG. 5 shows a longitudinal sectional view illustrating 35 
an arrangement of the micropipette; 
FIG. 6 shows a perspective view illustrating a shape 
of a flow passage including a cavity formed in a sub- 
strate of the micropipette; 

FIG. 7 shows a perspective view illustrating another 40 
shape of flow passages including cavities formed in 
a substrate of the micropipette; 
FIG. 8 shows an exploded perspective view illustrat- 
ing the dispenser together with a cartridge; 
FIG. 9 illustrates a first method adopted when the 45 
DNA chip is produced by using the dispenser; 
FIG. 1 0A shows a sectional view illustrating the proc- 
ess in which a sample solution is supplied onto a 
base plate, and a large number of minute spots are 
progressively formed in one spot to be formed; 50 
FIG. 1 0B shows a plan view thereof; 
FIG. 1 1 A shows a sectional view illustrating a state 
in which a large number of minute spots are com- 
bined to form one spot on the base plate; 
FIG. 1 1 B shows a plan view thereof; 55 
FIG. 12A illustrates an example of a method for heat- 
ing the sample solution or the base plate; 
FIG. 12B illustrates another method for heating the 
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°C for about 5 minutes to obtain the base plate 1 0 com- 
prising the poly-L-lysine layer 1 2 formed on the surface. 
[0066] Subsequently, in the sample preparation step 
S2, at first, 3 M sodium acetate and isopropanol are add- 
edtothe PCR product amplified with a known PCR equip- 
ment (amplification step Sll), followed by being left to 
stand for several hours. After that, the PCR product so- 
lution is centrifuged with a centrifugal machine to precip- 
itate the DNA fragment. 

[0067] The precipitated DNA fragment is rinsed with 
ethanol, and it is centrifuged, followed by being dried to 
produce the DNA powder (powder formation step S12). 
A buffer solution (for example, TE buffer solution) is add- 
ed to the obtained DNA powder, followed by being left to 
stand for several hours to completely dissolve the DNA 
powder (mixing step S13). Thus, the sample solution is 
prepared. At this stage, the concentration of the sample 
is 0.1 to 10 jxg/|xl. 

[0068] In this embodiment, the concentration of the ob- 
tained sample is diluted (dilution step S3). In the dilution 
step S3, the sample is diluted by using, for example, wa- 
ter, an aqueous solution containing sodium chloride, or 
an aqueous solution containing a polymer. The sample 
solution after the dilution may be left to stand for 1 hour 
to several hours, if necessary. Alternatively, the sample 
solution after the dilution may be subjected to mixing 
based on refrigeration -thawing so that the sample and 
the dilution solution are adapted to one another. After 
that, the diluted sample solution is centrifuged, or it is 
subjected to a vacuum defoaming treatment to remove 
any bubble in the solution. The sample solutions are sup- 
plied onto the base plate 1 0 to prepare the spotted sub- 
strate (supply step S4). 

[0069] Especially, in this embodiment, a dispenser 30 
as shown in FIGS. 4A to 4C and FIG. 5 is used for the 
supply step S4. 

[0070] The dispenser30 includes, for example, ten mi- 
cropipettes 34 which are arranged in five rows and two 
columns on the upper surface of a fixation plate 32 having 
a rectangular configuration. A group of the micropipettes 
34, which are aligned in the direction of the respective 
columns, are fixed on the fixation plate 32 by the aid of 
a fixing jig 36 respectively. 

[0071] As shown in FIGS. 4C and 5, the micropipette 
34 comprises a sample-pouring port 52 which is formed 
at the upper surface of a substrate 50 having a substan- 
tially rectangular parallelepiped-shaped configuration, a 
sample discharge port 54 which is formed at the lower 
surface of the substrate 50, a cavity 56 which is formed 
at the inside between the sample-pouring port 52 and 
the sample discharge port 54, and an actuator section 
58 which is used to vibrate the substrate 50 or change 
the volume of the cavity 56. 

[0072] Therefore, as shown in FIG. 2, through-holes 
40 are provided through the fixation plate 32 at portions 
corresponding to the sample discharge ports 54 of the 
micropipettes 34 respectively. Accordingly, the sample 
solution, which is discharged from the sample discharge 



port 54 of the micropipette 34, is supplied (or dropped) 
through the through-hole 40, for example, to the base 
plate 10 which is fixed under the fixation plate 32. 
[0073] An introducing bore 60 having a substantially 

5 L-shaped configuration with a large opening is formed 
over a region ranging from the sample-pouring port 52 
to the inside of the substrate 50 in the micropipette 34. 
A first communication hole 62 having a small diameter 
is formed between the introducing bore 60 and the cavity 

10 56. The sample solution, which is poured from the sam- 
ple-pouring port 52, is introduced into the cavity 56 
through the introducing bore 60 and the first communi- 
cation hole 62. 

[0074] A second communication hole 64, which corn- 
's municates with the sample discharge port 54 and which 
has a diameter larger than that of the first communication 
hole 62, is formed at a position different from that of the 
first communication hole 62, of the cavity 56. In the em- 
bodiment of the present invention, the first communica- 
te tion hole 62 is formed at the portion of the lower surface 
of the cavity 56 deviated toward the sample-pouring port 
52. The second communication hole 64 is formed at the 
position of the lower surface of the cavity 56 as well cor- 
responding to the sample discharge port 54. 
25 [0075] Further, in this embodiment, the portion of the 
substrate 50, which is the upper surface of the cavity 56, 
is thin-walled to give a structure which tends to undergo 
the vibration of the external stress so that the portion 
functions as a vibrating section 66. The actuator section 
30 58 is formed on the upper surface of the vibrating section 
66. 

[0076] The substrate 50 is constructed by laminating 
a plurality of green sheets made of zirconia ceramics 
(first thin plate layer 50A, first spacer layer 50B, second 

35 thin plate layer 50C, second spacer layer 50D, and third 
thin plate layer 50E), followed by sintering into one unit. 
[0077] That is, the substrate 50 is constructed by lam- 
inating the thin-walled first thin plate layer 50A which is 
formed with a window for constructing the sample-pour- 

40 ing port 52 and which constitutes a part of the vibrating 
section 66, the thick-walled first spacer layer 50B which 
is formed with a part of the introducing bore 60 and a 
plurality of windows for constructing the cavity 56 respec- 
tively, the thin-walled second thin plate layer 50C which 

45 is formed with a part of the introducing bore 60 and a 
plurality of windows for constructing a part of the second 
communication hole 64 and the first communication hole 
62 respectively, the thick-walled second spacer layer 
50D which is formed with a plurality of windows for con- 

50 structing a part of the introducing bore 60 and a part of 
the second communication hole 64 respectively, and the 
thin-walled third thin plate layer 50E which is formed with 
a window for constructing the sample discharge port 54, 
followed by sintering into one unit. 

55 [0078] The actuator section 58 is constructed to have 
the vibrating section 66 described above as well as a 
lower electrode 70 which is directly formed on the vibrat- 
ing section 66, a piezoelectric layer 72 which is composed 
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of, for example, a piezoelectric/electrostrictive element 
or an anti-ferroelectric formed on the lower electrode 70, 
and an upper electrode 74 which is formed on the upper 
surface of the piezoelectric layer 72. 
[0079] As shown in FIG. 4C, the lower electrode 70 
and the upper electrode 74 are electrically connected to 
an unillustrated driving circuit via a plurality of pads 76, 
78 which are formed on the upper surface of the substrate 
50 respectively. 

[0080] The micropipette 34 constructed as described 
above is operated as follows. That is, when an electric 
field is generated between the upper electrode 74 and 
the lower electrode 70, then the piezoelectric layer 72 is 
deformed, and the vibrating section 66 is deformed in 
accordance therewith. Accordingly, the volume of the 
cavity (pressurizing chamber) 56 contacting with the vi- 
brating section 66 is decreased or increased. 
[0081] When the volume of the cavity 56 is decreased, 
the sample solution charged in the cavity 56 is discharged 
at a predetermined speed from the sample discharge port 
54 which communicates with the cavity 56. As shown in 
FIG. 3, it is possible to produce the DNA chip 20 in which 
the sample solutions discharged from the micropipettes 
34 are aligned and fixed as spots 80 on the base plate 
1 0 such as a microscopic slide glass. When the volume 
of the cavity 56 is increased, the sample solution is newly 
poured and charged from the first communication hole 
62 into the cavity 56 to make provision for the next dis- 
charge. 

[0082] An apparatus structure based on the so-called 
ink-jet system may be adopted as the structure in which 
the volume of the cavity 56 is decreased in accordance 
with the driving of the actuator section 58 (see Japanese 
Laid-Open Patent Publication No. 6-40030). 
[0083] The cavity (pressurizing chamber) 56 is formed 
to have such a flow passage dimension that the sample 
solution containing DNA fragments or the like is moved 
without any turbulence. 

[0084] That is, the dimension of the cavity 56 differs 
depending on the type of the sample, the size of liquid 
droplets to be prepared, and the density of spotting for- 
mation. However, for example, when DNA fragments 
which length is about 1 to 1 0,000 base pairs are dissolved 
in aX 1 TE buffer solution at a concentration of not more 
than 100 |n.g/|UL.I, 

is supplied at a pitch of 50 to 600 fxm to give a liquid 
droplet diameter of 30 to 500 |mnri(|>, then it is preferable 
that the cavity length (L) is 1 to 5 mm, the cavity width 
(W) is 0.1 to 1 mm, and the cavity depth (D) is 0.1 to 0.5 
mm as shown in FIG. 6. It is preferable that the inner wall 
of the cavity 56 is smooth without involving any projection 
to disturb the flow. It is more preferable that the material 
of the cavity 56 is made of ceramics which has good 
affinity with respect to the sample solution. 
[0085] When the shape as described above is adopt- 
ed, the cavity 56 can be used as a part of the flow passage 
ranging from the sample-pouring port 52 to the sample 
discharge port 54. The sample solution can be introduced 



to the sample discharge port 54 without disturbing the 
flow of the sample solution which is moved from the sam- 
ple-pouring port 52 via the introducing bore 60 and the 
first communication hole 62 to the inside of the cavity 56. 

5 [0086] The substrate 50 is the sintered product ob- 
tained by laminating the zirconia ceramics into one unit 
as described above. Alternatively, the substrate 50 may 
be a bonded product composed of a sintered material of 
zirconia ceramics formed with the actuator section 58, 

10 and a metal or resin film or the like. Especially, the third 
thin plate layer 50E, in which the sample discharge port 
54 is formed, is preferably asheet obtained by processing 
an organic resin such as a PET film by means of an ex- 
cimer laser or the like, or a sheet obtained by punching 

15 a metal such as a stainless steel film with a punch and 
die or the like, considering the matching with the process- 
ing method therefor. 

[0087] The sizes of the sample discharge port 54 and 
the first communication hole 62 are optimally designed 
20 depending on, for example, the physical property, the 
discharge amount, and the discharge speed of the sam- 
ple solution to be discharged. However, they are prefer- 
ably about 1 0 to 1 00 |uum(j). 

[0088] In FIG. 7, two of the first communication holes 
25 62 communicate with one sample-pouring port 52 and 
the introducing bore 60 connected thereto. Two flow pas- 
sages 65, in each of which the cavity 56, the second 
communication hole 64, and the sample discharge port 
54 are continuously formed, are independently formed 
30 for the respective communication holes 62 respectively. 
Actuator sections 58 (not shown), which are wired and 
driven independently respectively, are formed on the up- 
per surfaces of the respective cavities 56. When the mi- 
cropipette 34 constructed as described above is used, it 
35 is possible to supply an identical sample solution onto 
the base plate 1 0 simultaneously or at any deviated tim- 
ing. 

[0089] As shown in FIG. 4A, a plurality of pins 38 for 
positioning and fixing the micropipettes 34 are provided 
40 on the upper surface of the fixation plate 32. When the 
micropipette 34 is fixed on the fixation plate 32, the mi- 
cropipette 34 is placed on the fixation plate 32 while in- 
serting the pins 38 of the fixation plate 32 into positioning 
holes 90 (see FIG. 4C) provided at the both sides of the 
45 substrate 50 of the micropipette 34. Thus, a plurality of 
micropipettes 34 are automatically aligned and posi- 
tioned with a predetermined array arrangement. 
[0090] Each of the fixing jigs 36 has a holder plate 1 00 
for pressing the plurality of micropipettes 34 against the 
50 fixation plate 32. Insertion holes for inserting screws 1 02 
thereinto are formed through both end portions of the 
holder plate 1 00. When the screws 1 02 are inserted into 
the insertion holes, and they are screwed into the fixation 
plate 32, then the plurality of micropipettes 34 can be 
55 pressed against the fixation plate 32 by the aid of the 
holder plate 1 00 at once. One unit is constructed by the 
plurality of micropipettes 34 which are pressed by one 
holder plate 1 00. The example shown in FIG. 4A is illus- 
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trative of the case in which one unit is constructed by the 
five micropipettes 34 which are arranged in the direction 
of the column. 

[0091] The holder plate 100 is formed with introducing 
holes 104 (see FIG. 4B) which are used to supply the 5 
sample solutions to the portions corresponding to the 
sample-pouring ports 52 of the respective micropipettes 
34 respectively when the plurality of micropipettes 34 are 
pressed. Tubes 106 for introducing the sample solution 
to the introducing holes 1 04 respectively are held at upper 10 
end portions of the respective introducing holes 1 04. 
[0092] Considering the realization of the efficient wir- 
ing operation, it is preferable that the width of the holder 
plate 100 resides in such a dimension that the pads 76, 
78 connected to the respective electrodes 70, 74 of the is 
actuator section 58 are faced upwardly when the plurality 
of micropipettes 34 are pressed against the fixation plate 
32. 

[0093] As described above, the dispenser 30 is con- 
structed thatthe plurality of micropipettes 34 each having 20 
the sample-pouring port 52 and the sample discharge 
port 54 are provided in an upstanding manner with the 
respective sample discharge ports 54 directed down- 
wardly. 

[0094] That is, the respective micropipettes 34 are 25 
aligned and arranged such that the respective sample- 
pouring ports 52 are disposed on the upperside, the sam- 
ple discharge ports 54 are disposed on the lower side, 
and the respective sample discharge ports 54 are aligned 
two-dimensionally. Sample solutions of mutually different 30 
types are discharged from the sample discharge ports 
54 respectively. 

[0095] When the dispenser 30 constructed as de- 
scribed above is used, several methods are available to 
supply the sample solutions of mutually different types 35 
corresponding to the respective sample-pouring ports 
52. That is, as shown in FIG. 8, for example, a method 
is available, which is based on the used of a cartridge 
112 arranged with a large number of recesses (storage 
sections) 110 each having a substantially V-shaped 40 
cross section. Forthis method, for example, the following 
procedure is available. That is, the mutually different 
sample solutions are stored in the respective recesses 
1 10 of the cartridge 112. The cartridge 1 12 is attached 
so that the respective recesses 110 correspond to the 45 
tubes 106 respectively. The bottoms of the respective 
recesses 110 are opened with needles or the like. Ac- 
cordingly, the sample solutions having been charged in 
the respective recesses 110 are supplied via the tubes 
1 06 to the respective micropipettes 34. 50 
[0096] When the tubes 1 06 are not used, for example, 
the following method is available. That is, the cartridge 
1 1 2 is attached so that the respective recesses 1 1 0 cor- 
respond to the respective introducing holes 104 of the 
fixing jig 36. The bottoms of the respective recesses 110 55 
are opened with needles orthe like. Accordingly, the sam- 
ple solutions having been charged in the respective re- 
cesses 1 1 0 are supplied via the introducing holes 1 04 to 



the respective micropipettes 34. Alternatively, needles 
orthe like may be formed in the vicinity of the respective 
introducing holes 1 04 of the fixing jig 36 so that the re- 
spective recesses 110 may be opened simultaneously 
with the attachment of the cartridge 1 1 2 to the fixi ng jig 36. 
[0097] Alternatively, it is also preferableto add a mech- 
anism for feeding the gas orthe like under the pressure 
afterthe openingto forcibly extrude the sample solutions. 
It is desirable to provide a mechanism for washing the 
space ranging from the sample-pouring port 52 to the 
sample discharge port 54 formed at the inside of the sub- 
strate 50 of each of the micropipettes 34, for example, in 
order that several thousands to several tens thousands 
types or many kinds of DNA fragments are discharged 
as the spots 80 with good purity without involving any 
contamination. 

[0098] I n the example shown in FIG. 4A, the both ends 
of the holder plate 1 00 are tightened to the fixation plate 
32 by the aid of the screws 102. However, the holder 
plate 1 00 may be fixed in accordance with other methods 
based on the mechanical procedure by using screws and 
springs, as well as based on an adhesive orthe like. 
[0099] As described above, the substrate 50 for con- 
structing the micropipette 34 is formed of ceramics, for 
which it is possible to use, for example, fully stabilized 
zirconia, partially stabilized zirconia, alumina, magnesia, 
and silicon nitride. 

[0100] Among them, the fully stabilized/partially stabi- 
lized zirconia is used most preferably, because the me- 
chanical strength is large even in the case of the thin 
plate, the toughness is high, and the reactivity with the 
piezoelectric layer 72 and the electrode material is small. 
[01 01 ] When the fully stabilized/partially stabilized zir- 
conia is used as the material, for example, for the sub- 
st rate 5 0 , it is p ref e rab I e t h at t h e p 0 rti 0 n ( vi b rati n g s ecti 0 n 
66), on which the actuator section 58 is formed, contains 
an additive such as alumina and titania. 
[0102] Those usable as the piezoelectric ceramic for 
the piezoelectric layer 72 for constructing the actuator 
section 58 include, for example, lead zirconate, lead ti- 
tanate, lead magnesium niobate, lead magnesium tan- 
talate, lead nickel niobate, lead zinc niobate, lead man- 
ganese niobate, lead antimony stannate, lead manga- 
nese tungstate, lead cobalt niobate, and barium titanate, 
as well as composite ceramics containing components 
obtained by combining any of them. However, in the em- 
bodiment of the present invention, a material containing 
a major component composed of lead zirconate, lead 
titanate, and lead magnesium niobate is preferably used, 
because of the following reason. 
[0103] That is, such a material has a high electrome- 
chanical coupling constant and a high piezoelectric con- 
stant. Additionally, such a material has small reactivity 
with the substrate material during the sintering of the pi- 
ezoelectric layer 72, making it possible to stably form the 
product having a predetermined composition. 
[0104] Further, in the embodiment of the present in- 
vention, it is also preferable to use ceramics obtained by 
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appropriately adding, to the piezoelectric ceramics de- 
scribed above, for example, oxides of lanthanum, calci- 
um, strontium, molybdenum, tungsten, barium, niobium, 
zinc, nickel, manganese, cerium, cadmium, chromium, 
cobalt, antimony, iron, yttrium, tantalum, lithium, bismuth, 
and stannum, or a combination of any of them, or other 
compounds. 

[0105] For example, it is also preferable to use ceram- 
ics containing a major component composed of lead zir- 
conate, lead titanate, and lead magnesium niobate, and 
further containing lanthanum and/or strontium. 
[01 06] On the other hand, it is preferable that the upper 
electrode 74 and the lower electrode 70 of the actuator 
section 58 are made of metal which is solid at room tem- 
perature and which is conductive. For example, it is pos- 
sible to use metal simple substance of, for example, alu- 
minum, titanium, chromium, iron, cobalt, nickel, copper, 
zinc, niobium, molybdenum, ruthenium, palladium, rho- 
dium, silver, stannum, tantalum, tungsten, iridium, plati- 
num, gold, and lead, or alloy obtained by combining any 
of them. It is also preferable to use a cermet material 
obtained by dispersing, in the metal described above, 
the same material as that of the piezoelectric layer 72 or 
the substrate 50. 

[0107] Next, in this embodiment, the DNA chip 20 is 
produced by using the dispenser 30 as described above 
such that the spotted base plate, in which the sample 
solutions have been supplied onto the base plate 1 0, is 
left for about 1 hour in a thermostatic chamber at 80 °C 
to dry the spots 80 (drying step S5), followed by perform- 
ing UV irradiation at 120 mJ, immersion in an NaBr so- 
lution for 20 minutes (blocking treatment), boiling for 2 
minutes, and ethanol substitution (dehydration) to immo- 
bilize the DNA fragments on the base plate 10 (immobi- 
lization step S6). 

[0108] Next, explanation will be made with reference 
to FIGS. 9 to 15 for several methods for supplying the 
sample solutions onto the base plate 1 0 to form the spots 
80 by using the dispenser 30. 

[0109] At first, a first method is shown in FIG. 9. In this 
method, the mutually different types of the sample solu- 
tions (after the dilution) are charged from the respective 
tubes 1 06 via the introducing holes 1 04 of the fixing jig 
36 respectively into the cavities 56 of the respective mi- 
cropipettes 34. Subsequently, the respective actuator 
sections 58 are driven to discharge the sample solutions 
from the sample discharge ports 54 of the respective mi- 
cropipettes 34. 

[01 1 0] As for the electrical signal to be applied to each 
of the electrodes 70, 74 of the actuator section 58, when 
the actuator section 58 performs the ON operation to 
decrease the volume of the cavity 58, the pulse-shaped 
voltage is applied to each of the electrodes 70, 74. In this 
procedure, for example, the displacement amount and 
the displacement speed of the vibrating section 66 are 
changed by changing, for example, the amplitude (volt- 
age) of the pulse, the amount of change per unit time 
(rising angle of the voltage waveform), and the pulse 



width. Accordingly, it is possible to control the discharge 
amount of the sample solution. The number of dripping 
operations for the sample solution per unit time can be 
altered by changingthe number of pulsesto be generated 

5 during a certain period. 

[0111] When one spot 80 is formed by supplying a plu- 
rality of drops of the sample solution, the number of sup- 
ply times is usually increased while fixing the supply po- 
sition. However, the supply position may be deviated eve- 

10 ry time the supply is performed. For example, as shown 
in FIGS. 10A and 10B, minute spots 80a based on a 
plurality of drops of the sample solution are formed within 
one spot 80 (indicated by a two-dot chain line) to be 
formed, by appropriately changing the supply position of 

15 the sample solution. The minute spots 80a are combined 
(integrated) on the base plate 1 0. Accordingly, as shown 
in FIGS. 11 A and 11B, one spot 80 is formed. In this 
process, it is possible to obtain a uniform diameter of the 
respective spots 80 formed on the base plate 1 0, by con- 

20 trolling the number of supply times, the supply position, 
andthe supply amountforonetime of operation, depend- 
ing on the type of the sample solution to be supplied. 
[0112] Further, in this embodiment, when the sample 
solution is supplied onto the base plate 10, as shown in 

25 FIGS. 12A to 13, the portion of the sample solution is 
dried, thickened, or solidified. This treatment can be re- 
alized, for example, by heating the base plate 10. 
[0113] As shown in FIG. 13, the method for heating 
the base plate 10 includes a method in which the back 

30 surface of the base plate 1 0 is irradiated with an infrared 
ray radiated from an infrared ray lamp 122. As shown in 
FIGS. 12A and 12B, the method for directly heating the 
sample solution includes a method in which a laserbeam 
L or an electromagnetic wave E, which is radiated from 

35 a laser light source 1 20 or an electromagnetic wave-gen- 
erating source 1 21 , is focused on the sample solution to 
effect radiation and heating. The sample solution may be 
heated in a state of being supplied onto the base plate 
10. However, in view of the stability of the shape upon 

40 the supply and the prevention of any expansion of the 
spot 80, it is desirable thatthe sample solution is radiated 
and heated during a period from the time at which the 
sample solution is discharged from the sample discharge 
port 54, to the time at which it falls onto the base plate 1 0. 

45 [01 1 4] The electromagnetic wave E makes it possible 
to selectively heat those containing water such as the 
sample solution. Therefore, it is possible to heat only the 
sample solution (sample solution during the supply) for 
forming the spot 80, and hence the electromagnetic wave 

50 E is more preferred. When the heating is performed, the 
sample discharge port 54 completed for the discharge 
may be shielded with a metal shield or the like, in order 
to avoid any defective discharge which would be other- 
wise caused by being dried. 

55 [0115] Further, in this embodiment, when the sample 
solution is supplied onto the base plate 10, the sample 
solution and the base plate 1 0 are cooled. The following 
cooling methods are available. That is, the base plate 
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1 0, to which the sample solution is supplied, may be pre- 
viously cooled to be not more than room temperature. 
Alternatively, a cooling agent, which is composed of, for 
example, alternative fron gas or liquid nitrogen, may be 
sprayed onto the sample solution itself. However, in the 
cooling treatment as described above, it is feared that 
water droplets adhere duetodewformation ofwaterfrom 
surrounding gas during the cooling, and the spot 80 itself 
flows away. Therefore, for example, it is necessary to 
manage the humidity of the surrounding gas and manage 
the speed of the cooling and the restoration to ordinary 
temperature. 

[01 1 6] It is preferable to apply a voltage of such a de- 
gree as to excite the vibration in the actuator section 58 
after charging the sample solution into the cavity 56. Ac- 
cordingly, the DNA fragment, which is contained in the 
sample solution charged in the cavity, is uniformly dis- 
persed. No dispersion arises in the amount of the DNA 
fragment for each time of the dripping. 
[0117] Next, explanation will be made for a second 
method based on the use of the dispenser 30. In the 
second method, as shown in FIG. 14, a substitution so- 
lution such as purified water or a buffer solution is 
charged into the cavities 56 of the respective micropi- 
pettes 34 from the respective tubes 1 06 via the introduc- 
ing holes 104 of the fixing jig 36 respectively. Subse- 
quently, the previously diluted samples are poured from 
the sample-pouring ports 52 into the cavities 56 while 
effecting substitution. The sample solutions are dis- 
charged and supplied onto the base plate 10 by driving 
the actuator sections 58. An intermediate solution (for 
example, a mixed solution of a buffer solution and an 
aqueous solution containing a polymer) containing no 
DNA fragment, which has approximately the same spe- 
cific gravity as that of the sample solution, may be allowed 
to intervene between the substitution solution and the 
sample solution. 

[0118] It is preferable that the completion of substitu- 
tion of the sample in the cavity 56 is recognized by sens- 
ing the change of the fluid characteristic in the cavity 56. 
[01 1 9] It is preferable that the substitution between the 
substitution solution and the sample in the cavity 56 is 
performed in a form of the laminar flow. However, when 
thetype of thesample is changed, orwhen the movement 
speed of the liquid is extremely fast, it is not necessarily 
indispensable to effect the laminar flow at portions of the 
cavity 56 in the vicinity of the first communication hole 
62. In this case, the purge amount of the sample solution 
is increased due to the mixing of the sample solution and 
the substitution solution. However, it is possible to sup- 
press the increase in the purge amount to be minimum 
by judging the completion of the substitution by sensing 
the change of the fluid characteristic in the cavity 56. 
[0120] In the present invention, the change of the fluid 
characteristic in the cavity 56 is recognized by applying 
a voltage in such a degree as to excite the vibration in 
the actuator section 58, and detecting the change of the 
electric constant caused by the vibration. Such a proce- 



dure for sensing the change of the fluid characteristic is 
disclosed, for example, in Japanese Laid-Open Patent 
Publication No. 8-201265. Reference may be made to 
the contents of this patent document. 

5 [0121] Specifically, the electric connection from a pow- 
er source for driving the discharge is separated from the 
actuator section 58 at a predetermined interval by using 
a relay. Simultaneously, a means for measuring the res- 
onance frequency is connected by using the relay. At this 

10 point of time, the impedance or the resonance frequency 
is electrically measured. 

[0122] Accordingly, it is possible to recognize, for ex- 
ample, whether or not the viscosity and the specific grav- 
ity of the liquid are those of the objective sample (liquid 

15 containing the DNA fragment or the like). That is, as for 
each of the micropipettes 34, the micropipette 34 itself 
functions as a sensor. Therefore, it is also possible to 
simplify the structure of the micropipette 34. 
[01 23] After the substitution, the actuator section 58 is 

20 driven under a driving condition corresponding to the 
amount of liquid droplets suitable for the required spot 
diameter, and the sample solution is repeatedly supplied 
onto the base plate 10. Accordingly, the DNA chip 20 is 
produced. Usually, when one spot 80 is formed, one to 

25 several hundreds of droplet or droplets are discharged 
from the micropipette 34. 

[01 24] When the amount of the sample in the sample- 
pouring port 52 is decreased, the discharge is continued 
by adding the buffer solution, the purified water, or the 

30 aqueous solution containing sodium chloride so that no 
bubble enters the inside of the flow passage. Accordingly, 
all of the sample solution can be used without allowing 
the sample solution to remain in the micropipette 34. The 
completion of the substitution from the sample to the sub- 

35 stitution solution (completion of the sample discharge) is 
confirmed by detecting the viscosity and the specific 
gravity of the liquid by using the actuator section 58 in 
the same manner as described above. 
[0125] It is preferable to use the substitution solution, 

40 the intermediate solution, and the sample solution such 
that the dissolved gas in the solution is previously re- 
moved by performing the degassing operation. When 
such a solution is used, if any bubble obstructs the flow 
passage at an intermediate portion to cause the defective 

45 charge upon the charge of the solution into the flow pas- 
sage of the micropipette 34, then the inconvenience can 
be avoided by dissolving the bubble in the sample solu- 
tion. Further, no bubble is generated in the fluid during 
the discharge, and no defective discharge is caused as 

50 well. 

[0126] In the second method described above, the 
substitution solution such as the buffer solution, the pu- 
rified water, and the aqueous solution containing sodium 
chloride is poured from the sample-pouring port 52 into 
55 the cavity while discharging the sample solution, and the 
sample solution remaining in the cavity 56 is completely 
discharged in accordance with the laminar flow substitu- 
tion in the same manner as described above to make 



12 



23 



EP 1 666 149 A2 



24 



provision for the next pouring of the sample. 
[0127] When it is sensed whether or not the sample 
solution remains in the cavity 56 (whether or not the dis- 
charge can be effected as the sample solution), the rec- 
ognition can be also made by sensing the change of the 
fluid characteristic in the cavity 56. In this case, a mech- 
anism for detecting the completion of the laminar flow 
substitution or the substitution can be used to extremely 
decrease the purge amount of the sample which is not 
used and improve the efficiency of the use of the sample 
solution. 

[0128] It is also preferable that when the sample is 
charged from the sample-pouring port 52 to the cavity 
56, the interior of the cavity 56 is subjected to the laminar 
flow substitution with the sample from the sample-pour- 
ing port 52 while driving the actuator section 58. In this 
procedure, the interior of the cavity 56 can be completely 
substituted in a reliable mannerwith the inexpensivesub- 
stitution solution beforehand, and then the laminar flow 
substitution is effected with the expensive sample. As a 
result, it is possible to completely avoid the occurrence 
of any defective discharge, and it is possible to efficiently 
discharge the expensive sample. 
[0129] Subsequently, when the thickness shape of the 
spot 80 on the base plate 10 supplied with the sample 
solution is a so-called doughnut-shaped configuration 
with the bulge at its circumferential edge portion 130 as 
shown in FIG. 15, then the base plate 10 is cooled to 0 
°C, followed by performing a treatment to make restora- 
tion to an atmosphere at room temperature in which a 
sufficient volume of gas exists at a humidity of not less 
than 30 %. By doing so, water is supplied to the spot 80 
having the doughnut-shaped configuration. The fluidity 
of the sample solution in the spot 80 is increased, and 
the spot 80 is changed to have a hemispherical config- 
uration in accordance with the surface tension. Thus, the 
bulge atthe circumferential edge portion 1 30 disappears. 
[0130] In the case of the doughnut-shaped configura- 
tion, the boundary between the base plate 10 and the 
circumferential edge portion 130 of the spot 80 is con- 
spicuous, and it is easily observed. When the spot 80 of 
the colorless and transparent liquid such as the sample 
solution containing the DNA fragment is formed, for ex- 
ample, on the colorless and transparent glass base plate, 
the following advantage is obtained. That is, it is easy to 
observe the shape of the spot, and it is easy to inspect 
whether the shape of the spot is satisfactory or defective. 
[0131] However, in the case of the spot 80 having the 
doughnut-shaped configuration as described above, the 
substantial immobilized sample 132 is plentiful (thick) at 
the circumferential edge portion 130, even when most of 
the circumferential edge portion 130 (bulged portion) is 
washed away in the washing step during the immobiliza- 
tion to be performed thereafter. Therefore, in the case of 
the use as the DNA chip 20, the distribution of fluores- 
cence emission amount emitted from the spot 80 exhibits 
a doughnut-shaped configuration in the spot 80, conse- 
quently causing afactorto bring about the dispersion and 



the deterioration of the sensitivity. 
[0132] Therefore, in order to realize both of the easy 
inspection (doughnut-shaped configuration) and the 
good shape of the spot (non-doughnut-shaped configu- 

5 ration), the following method is appropriate. That is, when 
the sample solution is supplied onto the base plate 10, 
the discharge is performed in accordance with the ink- 
jet system or the like to supply the sample solution onto 
the base plate 1 0 so that the sample solution is concen- 

10 trated at the circumferential edge portion 1 30 of the spot 
80 by controlling the kinetic energy and the hydrophobic 
property with respect to the base plate 10 to form the 
doughnut-shaped configuration. 
[0133] After that, the viscosity of the sample solution 

15 is previously increased to such an extent that the spot 
80 is not spherical against the surface tension of the liq- 
uid, while the fluidity of the sample solution to form the 
spot 80 is increased after completion of the inspection 
so that the doughnut-shaped configuration is changed to 

20 the non-doughnut-shaped configuration by the aid of the 
surface tension. 

[0134] The method described above can be easily re- 
alized in accordance with the method according to the 
embodiment of the present invention (treatment in which 
25 the base plate 10 is cooled to 0 °C, and then the base 
plate 10 is returned in the atmosphere at room temper- 
ature in which the sufficient volume of gas exists at the 
humidity of not less than 30 %). 

[0135] In order to supply water to the spot 80, water 
30 vapor containing mist or the like may be directly applied. 
However, it is preferable to utilize the water formed by 
dew formation on the base plate 10 during the step of 
restoration to the room temperature after the cooling, in 
view of the fact that the spot does not flow away due to 
35 any excessive water, and fine water droplets are uniform- 
ly supplied. 

[0136] After that, the spot 80 is dried by baking the 
base plate 1 0 at 80 °C for 1 hour. A step of cooling and 
restoration to room temperature may be applied after the 

40 baking at 80 °C for 1 hour. However, in this case, it is 
necessary to perform the baking treatment again. 
[0137] As described above, in the method for produc- 
ing the DNA chip according to the embodiment of the 
present invention, the concentration of the sample solu- 

45 tion is diluted before the sample solution is supplied onto 
the base plate 10. Therefore, when the sample solution 
is supplied onto the base plate 10, the spot 80 of the 
sample solution is not hemispherical, but it has the flat 
shape as shown in FIG. 11 A. In this case, almost all of 

50 the supplied sample solution is immobilized. Accordingly, 
most of, or more of the sample solution is not washed 
away even in the washing step performed thereafter. 
Thus, it is possible to improve the efficiency of the use 
of the sample solution. 

55 [0138] The viscosity and the surface tension of the 
sample solution are changed by varying the degree of 
the dilution depending on the type of the DNA fragment 
contained in the sample solution. Accordingly, it is pos- 
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sible to realize the uniform diameter of the spot 80 formed 
on the base plate 10. 

[0139] The step of supplying water to the spot 80 is 
added after the sample solution is supplied onto the base 
plate 10 to form the spot 80. Accordingly, it is possible 
to obtain the further uniform shape of the spot 80 in the 
thickness direction. 

[0140] As described above, in the embodiment of the 
present invention, it is possible to improve the efficiency 
of the use of the expensive sample solution. It is possible 
to improve the productivity of the DNA chip 20 and im- 
prove the yield. Further, it is possible to control the supply 
depending on the type of the sample solution to be sup- 
plied, it is possible to realize the uniform spot diameter 
formed on the base plate 1 0, and it is possible to improve 
the reliability and the quality of the DNA chip 20. 
[0141] It is a matter of course that the method for pro- 
ducing the DNA chip according to the present invention 
is not limited to the embodiments described above, which 
may be embodied in other various forms without deviat- 
ing from the gist or essential characteristics of the present 
invention. 

[0142] As explained above, according to the method 
for producing the DNA chip concerning the present in- 
vention, it is possible to improve the efficiency of the use 
of the expensive sample solution, and it is possible to 
improve the productivity of the DNA chip and improve 
the yield. Further, it is possible to control the dripping 
depending on the type of the sample solution to be 
dripped, it is possible to realize the uniform spot diameter 
formed on the base plate, and it is possible to improve 
the reliability and the quality of the DNA chip. 
[0143] The following numbered paragraphs (paras.) 
contain statements of broad combinations of the inven- 
tive technical features herein disclosed:- 

1 . A method for producing a DNA chip (20) including 
a large number of spots (80) of sample solutions ar- 
ranged on a base plate (1 0), said method comprising 
the step of supplying said sample solutions onto said 
base plate (10), wherein: 

said sample solution is supplied a plurality of 
times to form one of said spots (80). 

2. The method for producing said DNA chip accord- 
ing to para. 1 , wherein said sample solution is sup- 
plied in accordance with an ink-jet system. 

3. The method for producing said DNA chip accord- 
ing to para. 1 or 2, wherein said sample solution is 
obtained by diluting a sample containing a DNAfrag- 
mentto give a predetermined concentration. 

4. The method for producing said DNA chip accord- 
ing to para. 3, wherein said sample solution is ob- 
tained by diluting said sample containing said DNA 
fragment with water or an aqueous solution contain- 



ing sodium chloride. 

5. The method for producing said DNA chip accord- 
ing to para. 3 or 4, wherein said sample solution is 

5 diluted with an aqueous solution containing pol- 
ymer. 

6. The method for producing said DNA chip accord- 
ing to any one of paras. 3 to 5, wherein said sample 

10 solution is diluted to give a concentration of such a 
degree that an amount of base pairs immobilized on 
the base plate per one spot (80) are definited, by 
performing said supply a plurality of times to form 
said one of said spots (80). 

15 

7. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 6, wherein a sample 
containing a DNA fragment is prepared by carrying 
out the steps of: 

20 

PCR-amplifying said DNA fragment to prepare 
a PCR product; 

drying said PCR product to obtain DNA powder; 
and 

25 dissolving said DNA powder in a buffer solution. 

8. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 7, wherein a dispenser 
(30) is used when said sample solution is supplied 

30 onto the base plate (10), said dispenser (30) com- 
prising a plurality of arranged micropipettes (34) 
each including a pouring port (52) for pouring said 
sample solution from the outside, a cavity (56) for 
pouring and charging said sample solution thereinto, 

35 and a discharge port (54) for discharging said sample 
solution, formed on at least one or more substrates 
(50), said micropipette (34) further including a pie- 
zoelectric/electrostrictive element (58) disposed on 
at least one wall surface of said substrate (50) which 

40 forms said cavity (56) so that said sample solution 
is movable in said cavity (56), and mutually different 
types of said sample solutions being dischargedfrom 
said discharge ports (54) of said respective micropi- 
pettes (34). 

45 

9. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 7, wherein a dispenser 
(30) is used when said sample solution is supplied 
onto the base plate (10), said dispenser (30) com- 

50 prising a plurality of arranged micropipettes (34) 
each including a pouring port (52) for pouring said 
sample solution from the outside, a cavity (56) for 
pouring and charging said sample solution thereinto, 
and a discharge port (54) for discharging said sample 

55 solution, formed on at least one or more substrates 
(50), so that said sample solution is movable in said 
cavity (56), and said sample solution of an identical 
type is discharged from at least two or more of said 
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discharge ports (54) to form one spot (80). 

1 0. The method for producing said DNA chip accord- 
ing to para. 9, wherein one pouring port (52) com- 
municates with said cavity (56) connected with at 5 
least two or more of said discharge ports (54) for 
discharging said sample solution of said identical 
type. 

1 1. The method for producing said DNA chip accord- 10 
ing to para. 9 or 1 0, wherein said sample solution of 
said identical type is discharged substantially simul- 
taneously from at least two or more of said discharge 
ports (54). 

15 

1 2. The method for producing said DNA chip accord- 
ing to para. 9 or 1 0, wherein said sample solution of 
said identical type is discharged at deviated dis- 
charge timings from at least two or more of said dis- 
charge ports (54) respectively. 20 

1 3. The method for producing said DNA chip accord- 
ing to any one of paras. 8 to 1 2, wherein said micro- 
pipette (34) is constructed such that said sample so- 
lution is moved in said cavity (56) in a laminar flow. 25 

1 4. The method for producing said DNA chip accord- 
ing to any one of paras. 8 to 13, wherein when said 
sample solutions are supplied onto said base plate 
(10): so 

mutually different types of said sample solutions 
are pou red into said plurality of cavities (56) from 
said pouring ports (52) corresponding to said 
discharge ports (54) for discharging said mutu- 35 
ally different types of said sample solutions, and 
then said different types of said sample solutions 
in said plurality of cavities (56) are discharged 
from said discharge ports (54) by driving said 
piezoelectric/electrostrictive elements (58). 40 

1 5. The method for producing said DNA chip accord- 
ing to para. 8, wherein when said sample solutions 
are supplied onto said base plate (10), 

a substitution solution is previously charged into said 45 
plurality of cavities (56), different types of said sam- 
ple solutions are subsequently poured from said 
pouring ports (52) while effecting substitution in said 
plurality of cavities (56), and then said piezoelectric/ 
electrostrictive elements (58) are driven so that said 50 
different types of said sample solutions in said plu- 
rality of cavities (56) are discharged from said dis- 
charge ports (54). 

1 6. The method for producing said DNA chip accord- 55 
ing to para. 15, wherein said substitution solution is 
previously charged into said plurality of cavities (56), 
and said different types of said sample solutions are 



poured from said pouring ports (52) while effecting 
said substitution in said plurality of cavities (56), 
while driving said piezoelectric/electrostrictive ele- 
ments (58). 

1 7. The method for producing said DNA chip accord- 
ing to anyone of paras. 14 to 1 6, wherein completion 
of pouring or substitution of said sample solutions in 
said plurality of cavities (56) is recognized by sensing 
a change of a fluid characteristic in said cavity (56). 

1 8. The method for producing said DNA chip accord- 
ing to any one of paras. 15 to 17, wherein said sub- 
stitution solution is previously subjected to a degas- 
sing treatment. 

1 9. The method for producing said DNA chip accord- 
ing to any one of paras. 15 to 1 8, wherein said sub- 
stitution solution is previously charged into said plu- 
rality of cavities (56), an intermediate solution con- 
taining no DNA fragment, which has approximately 
the same specific gravity as that of said sample so- 
lution, is subsequently poured from said pouring 
ports (52) while effecting substitution in said cavities 
(56), said different types of said sample solutions are 
subsequently poured from said pouring ports (52) 
into said cavities (56), and said piezoelectric/elec- 
trostrictive elements (58) are driven so that said dif- 
ferent types of said sample solutions in said plurality 
of cavities (56) are discharged from said discharge 
ports (54). 

20. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 1 9, wherein when said 
sample solution is supplied onto said base plate (1 0), 
said sample solution is supplied while at least said 
sample solution is being subjected to a treatment of 
drying, thickening, or solidifying. 

21 .The method for producing said DNA chip accord- 
ing to para. 20, wherein said treatment of drying, 
thickening, or solidifying said sample solution com- 
prises a treatment of heating said base plate (10). 

22. The method for producing said DNA chip accord- 
ing to para. 20, wherein said treatment of drying, 
thickening, or solidifying said sample solution is to 
heat said discharged or supplied sample solution. 

23. The method for producing said DNA chip accord- 
ing to any one of paras. 20 to 22, wherein a laser 
beam (L) is used for said treatment of drying, thick- 
ening, or solidifying said sample solution. 

24. The method for producing said DNA chip accord- 
ing to any one of paras. 20 to 22, wherein an infrared 
ray is used for said treatment of drying, thickening, 
or solidifying said sample solution. 
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25. The method for producing said DNA chip accord- 
ing to any one of paras. 20 to 22, wherein an elec- 
tromagnetic wave is used for said treatment of dry- 
ing, thickening, or solidifying said sample solution. 

5 

26. The method for producing said DNA chip accord- 
ing to para. 20, wherein said treatment of drying, 
thickening, or solidifying said sample solution com- 
prises a treatment of cooling said base plate (10) or 
said discharged or supplied sample solution. 10 

27. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 26, wherein when said 
sample solution is supplied onto said base plate (1 0), 
said sample solution is supplied while deviating a is 
supply position to form one spot (80). 

28. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 27, wherein when said 
sample solution is supplied onto said base plate (1 0), 20 
said sample solution is supplied while changing a 
supply amount to form one spot (80). 

29. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 28, wherein vibration is 25 
applied to said sample solution during said supply 

or prior to said supply of said sample solution onto 
said base plate (10). 

30. Amethodforproducinga DNAchip (20) including 30 
a large number of spots (80) of sample solutions ar- 
ranged on a base plate (1 0), said method comprising 

the step of supplying said sample solutions onto said 
base plate (10) in accordance with an ink jet system, 
wherein: 35 

when said sample solution is supplied onto said 
base plate (10), a humidity around a portion to 
which said sample solution is discharged and 
supplied is selectively increased as compared 40 
with those around the other portions so that said 
sample solution is not dried, thickened, or solid- 
ified. 

31 . The method for producing said DNA chip accord- 45 
ing to any one of paras. 1 to 30, further comprising 

the steps of cooling said base plate (10) to be not 
more than 0 °C after preparing said base plate (10) 
on which said large number of spots (80) are ar- 
ranged by supplying said sample solutions onto said 50 
base plate (10), and then returning said base plate 
(1 0) in an atmosphere at room temperature in which 
a sufficient volume of gas exists at a humidity of not 
less than 30 %. 

55 

32. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 30, further comprising 
the step of exposing said base plate (10) in an at- 



mosphere in which a sufficient volume of gas exists 
at a humidity of not less than 80 % after preparing 
said base plate (10) on which said large number of 
spots (80) are arranged by supplying said sample 
solutions onto said base plate (10). 

33. The method for producing said DNA chip accord- 
ing to any one of paras. 1 to 30, further comprising 
the step of exposing said base plate (10) in water 
vapor containing mist after preparing said base plate 
(10) on which said large number of spots (80) are 
arranged by supplying said sample solutions onto 
said base plate (10). 



Claims 

1 . A method for producing a DNA chip (20) including a 
large number of spots (80) of sample solutions ar- 
ranged on a base plate (1 0), said method comprising 
the step of supplying said sample solutions onto said 
base plate (1 0) in accordance with an ink jet system, 
wherein: 

when said sample solution is supplied onto said 
base plate (10), a humidity around a portion to 
which said sample solution is discharged and 
supplied is selectively increased as compared 
with those around the other portions so that said 
sample solution is not dried, thickened, or solid- 
ified. 

2. The method for producing said DNA chip according 
to claim 1, further comprising the steps of cooling 
said base plate (10) to be not more than 0 °C after 
preparing said base plate (10) on which said large 
number of spots (80) are arranged by supplying said 
sample solutions onto said base plate (1 0), and then 
returning said base plate (10) in an atmosphere at 
room temperature in which a sufficient volume of gas 
exists at a humidity of not less than 30 %. 

3. The method for producing said DNA chip according 
to claim 1 or 2, further comprising the step of expos- 
ing said base plate (10) in an atmosphere in which 
a sufficient volume of gas exists at a humidity of not 
less than 80 % after preparing said base plate (10) 
on which said large number of spots (80) are ar- 
ranged by supplying said sample solutions onto said 
base plate (1 0). 

4. The method for producing said DNA chip according 
to any one of claims 1 to 3, further comprising the 
step of exposing said base plate (1 0) in water vapor 
containing mist after preparing said base plate (10) 
on which said large number of spots (80) are ar- 
ranged by supplying said sample solutions onto said 
base plate (10). 
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